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(57) The present invention has for its object to pro- 
vide a GO transgenic chimera bird which is introduced 
an antibody gene with a replication-defective retrovirus 
vector, and produces an antibody by expressing the 
transgene; a production method of an antibody which 
comprises recovering the antibody expressed by the 
produced GO transgenic chimera bird; and a production 
method of a GO transgenic chimera bird which compris- 



es incubating a bird fertile egg, and injecting an embryo 
after and exclusive of a period immediately afterthe start 
of incubation with a retrovirus vector. 

That is, the present invention relates to a GO trans- 
genic chimera bird which is introduced an antibody gene 
with a replication-defective retrovirus vector, and pro- 
duces an antibody by expressing a transgene. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a GO transgenic chimera bird producing an antibody, for example an scFv- 
Fc antibody, in blood and eggs. Moreover, the invention relates to a production method of an antibody which comprises 
producing a GO transgenic chimera bird introduced an exogenous antibody gene with a replication-defective retrovirus 
vector, and recovering an antibody produced in blood, albumen, or egg yolk. Furthermore, the present invention also 
relates to a production method of a GO transgenic chimera bird efficiently expressing a transgene, and the GO transgenic 

10 chimera bird obtainable by said production method. 

BACKGROUND ART 

[0002] As a means of research for gene functions, researches on transgenic animals incorporated with an exogenous 
15 gene in the host have been actively conducted. These transgenic animals are useful not only in fundamental research, 
but also in industrial applications such as breed improvement, substance production, and donors for replacement 
organs. An attempt for causing milk of cows, goats, sheep, etc. to produce a biologically active substance has been 
approaching to practical use. As typical examples thereof, a1 -antitrypsin and antithrombin are now in clinical stage 
objecting for applications in pharmaceutical products. 
20 [0003] Poultries, typically quails and chickens, have long been bred for meat and eggs they lay, thus various ap- 
proaches regarding breed improvement such as disease tolerance and flesh improvements objecting for transgenic 
research are also presumable. In addition, since birds require short period for reaching sexual maturation and can be 
raised in small spaces, they are thought as low cost protein expression systems and expected for their transgenic 
production as a production means of antibody pharmaceutical products and rare protein. Since bird eggs contain a 
25 large amount of protein and are laid every day, they are thought to become an efficient production system if a transgenic 
product can be systematically produced as a recombinant protein in eggs. 

[0004] As for monoclonal antibodies, which have been placed on market in many items and have attracted attention 
as pharmaceutical products in recent years, the market diffusion thereof is prevented since they cannot be produced 
in a cheap expression system such as Escherichia coli , and the unit value thereof is expensive. Meanwhile, bird cells 

30 have functions for constituting an antibody protein, and transgenic birds can be expected as a production means of an 
antibody for medical applications, etc., which have conventionally been difficult to be mass-produced. Furthermore, 
these protein products are thought to have high possibility for having advantageous characteristics for the applications 
in medicine and testing agent such as improved stability in blood by being given a sugar chain by bird cells. 
[0005] As described above, transgenic birds are expected for the applications as production means of useful protein, 

35 but on the other hand, regardless of various attempts which have so far been conducted, a case successfully accu- 
mulating an intended recombinant protein in a bird egg at a practical level is not found yet. Furthermore, a case suc- 
cessfully producing transgenic birds expressing a protein having a conformation comprising a plurality of units such 
as an antibody at high concentration is also not found yet. 

[0006] Harvey et al. (Harvey, A. J et al. (2002) Nature Biotechnology. 19, 396) produced a GO transgenic chimera 

40 chicken using a vector derived from Avian Leukosis Virus and introducing (3-lactamase gene into a chicken, but the 
amount of enzyme expression to serum or egg was as much as about 50 to 250 ng/ml. G1 to G3 transgenic chimera 
chickens produced by mating the GO transgenic chimera chickens increased in the amount of enzyme expression by 
introducing genes into whole somatic cells, but the increased level remains as much as about several jig/ml, thus they 
are still far from practical application. 

45 [0007] Generally, for producing a transgenic animal, a method comprising microinjecting DNA to a pronucleus of a 
fertile egg is used, but this method cannot be applied to birds. That is because it is difficult to obtain an embryo of one- 
cell stage, and even if it can be obtained, there is no technology for distinguishing the nucleus in the egg. For obtaining 
the embryo of one-cell stage, it is necessary to obtain an egg immediately after fertilization from an oviduct of a female 
bird, and to develop the egg normally. In recent years, Perry established a system for obtaining a hen precleavage cell 

50 and culturing the cell outside the body (Perry, M. M (1988) Nature, 331). However, even with this technology, it is 
impossible to distinguish the nucleus within the egg and to introduce an intended gene into the nucleus. 
[0008] Therefore, gene introduction to a bird fertile egg has been restricted to DNA injection to cytoplasm, and use 
of DNA inclusion lipid bilayer (liposome), a calcium phosphate method or an electroporation method have been at- 
tempted. However, with these technologies, the gene introduction efficiency is poor, and the possibility of the introduced 

55 plasmid DNA being introduced into a chromosome is low. Although the gene introduction method by microinjection 
can efficiently transfer an intended DNA to a fertile egg, since the introduced plasmid DNA is not incorporated into a 
host chromosome, the transgene plasmid is omitted accompanied by somatic cell division of the host, thus the stable 
gene introduction effect cannot be desired. 



2 



EP 1 548 114 A1 



[0009] In 1 986, the production example of a transgenic chicken using a retrovirus vectorwas for the first time reported 
(Salter, D. W et al. (1986) Poultry Sci., 65). The technology of injecting a retrovirus vector into a fertile egg by the 
microinjection method is a technology high in gene introduction efficiency, and for the birds to which DNA cannot be 
directly injected into the nucleus, that is the only one practical method for producing stable transgenic inserted with an 

5 intended gene into the chromosome. 

[0010] The present inventors have made intensive investigations, and as a result, they found a production method 
of a transgenic bird comprising using a safe replication-defective virus vector which is also applied for gene therapy, 
and efficiently introducing an intended gene (Japanese Kokai Publication 2002-176880). By this method, it became 
possible to safely and efficiently produce a transgenic bird having a plurality of transgene copies. Moreover, it was also 

10 found that the transgene is transmitted to the next generation at high efficiency by this technology, and the use of a 
transgenic bird as a substance production system has approached to practical use. 

[001 1] However, since most of the genes introduced at this time is inactivated by the host (called gene silencing) at 
an early stage of development, the protein production amount as a result of gene expression was very small. Although 
the biological mechanism of transgene inactivation has not been clarified yet, a technology of preventing this inactivation 
15 and efficiently expressing an intended gene is indispensable for the application development of a transgenic bird. 

SUMMARY OF THE INVENITON 

[001 2] For specifying the time of the gene, which has been introduced to a fertile egg using a retrovirus vector, being 

20 inactivated after the generation, the present inventors studied how the expression amount changes by introducing a 
vector at various stages after the fertilization using a |3-galactosidase expression gene as an indicator. As a result, they 
found that the expression amount of the transgene significantly changes depending on the time when said gene is 
introduced during the embryo development. Thus, the invention has been completed. That is, the inactivation of the 
transgene is remarkable relative to the gene introduced immediately after the spawning, and expression frequency of 

25 the gene introduced after the lapse of a certain period of time after the spawning is high. 

[001 3] The present inventors used this notice, and found that if an exogenous gene is introduced to an early embryo 
after the lapse of specific time from the start of the incubation, which is dependent on the bird species, it becomes 
possible to efficiently express an intended gene without the influence of the inactivation by a host. 
[0014] Furthermore, when the inventors produced a vector incorporated with a gene encoding a chimera antibody 

30 useful as pharmaceutical products, e.g. an scFv-Fc (single chain antibody), and introduced the vector to a quail to 
produce a GO transgenic chimera bird by this method, it was found that an antibody derived from the transgene is 
expressed at high concentration in blood, albumen and egg yolk. 
[0015] That is, the first aspect of the present invention relates to 
a production method of a GO transgenic chimera bird 

35 which comprises incubating a bird fertile egg, infecting an early embryo after and exclusive of a blastodermal 

period immediately after the spawning (stage X) with a replication-defective retrovirus vector, and then hatching the 
embryo, and 

a GO transgenic chimera bird produced by said method. 
[0016] The second aspect of the present invention relates to 
40 a GO transgenic chimera bird 

which is introduced an exogenous antibody gene with a replication -defective retrovirus vector, and 
produces an antibody derived from a transgene in at least one of blood, albumen, and egg yolk. 
[0017] The third aspect of the present invention relates to 
a production method of an antibody 
45 which comprises producing the above GO transgenic chimera bird, and recovering the antibody from blood and/ 

or an egg of said GO transgenic chimera bird. 

[001 8] It was confirmed that the expression of a transgene by the GO transgenic chimera bird of the present invention 
is maintained even when the GO transgenic chimera bird grows to the adult bird. Therefore, by the invention, it becomes 
possible to construct a practical production system which comprises introducing a specific gene into a bird, and pro- 
50 ducing an intended protein even after growing. Moreover, the transgene of the GO transgenic chimera bird produced 
by the invention is transmitted to the next generation at high transmission efficiency by mating. Since the transgene is 
transmitted to the next generation in the form incorporated in the chromosome, the production system by a transgenic 
bird can provide stable substance production. 

[0019] By the invention, the intended protein produced in a somatic cell of the transgenic bird is secreted in blood, 
55 and can be used by the separation from serum. 

[0020] Furthermore, the inventors also found that an antibody having the constant region belonging to class human 
IgG and an antibody having the constant region of quail IgG, chicken IgG or mouse IgG are efficiently transmitted from 
blood to eggs in quails and chickens. When the antibody having these constant regions is expressed in the GO trans- 
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genie chimera bird produced by the method of the invention, the antibody secreted in blood is accumulated at high 
concentration in eggs. 

[0021] When the intended protein is acquired by introducing a gene to transgenic animals, in mammals, the protein 
is generally secreted in milk and recovered, but in a transgenic bird, an object is accumulated in eggs ; and recovered 

5 and purified from albumen and egg yolk thereof . 

[0022] In hen's egg and the like, 30% of the whole component is a protein, and the protein occurring as the main 
component is ovalbumin. Conventionally, as a method for expressing a recombinant protein in transgenic bird eggs, 
a view of using an expression promoter of ovalbumin and the like, incorporating a gene coding for an intended protein 
in the downstream, and expressing an object in albumen in lieu of ovalbumin has been taken. 

10 [0023] However, in the method of the invention, it becomes possible to cause secretion of an antibody expressed in 
a large amount e.g. said IgG class antibody, etc. under the control of a constitutive promoter, e.g. chicken p-actin 
promoter, etc. in blood to accumulate thereof in eggs. In this description, the constitutive promoter refers to a promoter 
system ically expressed. 

[0024] In addition, for specifying the essential part for transition into eggs among the antibody structures, modified 
15 antibodies, Fab and Fc fragments, were inoculated into quail and chicken blood to test the transition ability into eggs. 
As a result, Fc fragment was accumulated in eggs, and it was suggested that the antibody transition into eggs are 
carried out through Fc receptor. 

[0025] From that notice, as a method for universally using the production method of an antibody by a transgenic bird 
in eggs as a general production method of protein, presumable is a production method comprising designing a vector 

20 producing a protein having the structure of human IgG constant region (Fc) being fused, producing a transgenic bird, 
recovering a protein containing an object from eggs, and cutting the Fc portion to purifying the object. 
[0026] Furthermore, conventionally, when an antibody was produced using a mammalian transgenic animal, the 
problem of difficulty in separating and purifying the autoantibody occurring in the production animal and an intended 
antibody has been pointed out. As an advantage of the antibody production method using a bird as the production 

25 animal, there may be mentioned an easiness of separation of the autoantibody of the bird and intended recombinant 
antibody since the autoantibody is not adsorbed on protein A and protein G columns. 

[0027] As mentioned above, although a human monoclonal antibody is useful as a pharmaceutical product, there is 
only an expensive production means which use an animal cell culture or mouse ascitic fluid, and its high unit value 
prevents market diffusion thereof. 

30 [0028] In recent years, an scFv (single chain antibody) in which only V regions of H chain and L chain of the antibody 
are bonded with a linker sequence by gene engineering technique is produced, and this has an advantage of being 
producible by Escherichia coli so that attracts attention in view of costs. However, these proteins called low molecular 
antibodies are low in stability in blood, thus are difficult in the practical utility as therapeutic and testing uses. 
[0029] Although an scFv-Fc, which is producible by bonding an Fc region to an scFv, is stable also in blood and is 

35 considered to be more practical, it cannot be produced by Escherichia coli , and can be supplied only by a bioreactor 
using an animal cell. A humanized scFv-Fc, which is producible by bonding a human Fc to the scFv having a binding 
region produced by other animal such as chicken, has promise also for therapeutic uses. When this protein can be 
mass-produced by the GO transgenic chimera bird of the invention, its availability is high. 

[0030] The GO transgenic chimera bird of the invention can be applied to the mass-production of the antibody protein 
40 that can be produced only in a small amount by the conventional manner, i.e. a recombinant antibody such as an scFv- 
Fc, chimera antibody, human monoclonal antibody, etc. at low cost, and to use thereof by practically recovering and 
purifying. 

[0031] Thus, in the present invention, a production method of efficiently expressing a transgene in the GO transgenic 
chimera bird using a retrovirus vector is disclosed. Also disclosed in the invention is a production method of a GO 

45 transgenic chimera bird producing an intended useful protein in bird somatic cells by introducing a specific gene. Further 
disclosed in the invention is a protein production system low in the production cost which comprises causing bird cells 
to produce substances useful as pharmaceutical and testing products such as a monochronal human type antibody, 
chimera antibody, scFv-Fc antibody, and functional protein having a complicated confirmation, which cannot be con- 
ventionally produced by Escherichia coli , etc.. and utilizing thereof by recovering from serum and blood. 

50 [0032] Furthermore, it is also presumable to provide a technology of modifying domestic fowls in a preferable way 
by applying the production method of a GO transgenic chimera bird of the present invention and a modified bird. As 
the characteristics of domestic birds, improved flesh quality, improved disease resistance, improved growth rate, and 
the like are preferred. Birds also have various demands for pets, and the production method of the invention can also 
be applied as a means for breed improvement to preferable characteristics for pets such as improvement in feather 

55 colors and decrease in aggressiveness in a short period. 

[0033] Furthermore, usually, transgenic production of mammals, amphibians, fishes, and the like is currently carried 
out by a nuclear transfer, but the invention is also applicable as a new alternative efficient technology of transgenic 
animal production. 
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[0034] That is, the present invention relates to a GO transgenic chimera bird which is introduced an exogenous 
antibody gene with a replication-defective retrovirus vector and produces an antibody derived from a transgene in at 
least one of blood, albumen, and egg yolk. The constant region of the above antibody is preferably a class belonging 
to human IgG, subclass belonging to human lgG1 , quail IgG, chicken IgG, or mouse IgG. The above antibody gene is 

5 preferably controlled by a constitutive promoter, and the above constitutive promoter is preferably chicken p-actin 
promoter. The above retrovirus vector is preferably a vector derived from Moloney murine leukemia virus, and a VSV-G 
pseudo type one is preferred. The GO transgenic chimera bird of the invention is preferably a chicken or quail. The 
above antibody is preferably a chimera antibody, and the production amount of the above chimera antibody is preferably 
not less than 0.5 jig/ml. more preferably not less than 5 ng/ml in blood. In albumen, it is preferably not less than 0.1 

10 u.g/ml, more preferably not less than 1 uxj/ml, and in egg yolk, it is preferably not less than 0.1 jag/ml, more preferably 
not less than 1 ^g/ml. The above antibody is preferably an scFv-Fc antibody, and the production amount of said scFv- 
Fc antibody is preferably not less than 20 jig/ml. more preferably not less than 2000 jxg/ml in blood. In albumen, it is 
preferably not less than 5 jig/ml, more preferably not less than 500 uxj/ml, and in egg yolk, it is preferably not less than 
5 jag/ml, more preferably not less than 500 Lig/ml. A production method of an antibody comprising producing the GO 

15 transgenic chimera bird of the invention, and recovering the antibody from blood and/or eggs of said GO transgenic 
chimera bird is also one aspect of the invention. 

[0035] A production method of a GO transgenic chimera bird which comprises incubating a bird fertile egg, infecting 
an early embryo after and exclusive of a blastodermal period immediately afterthe spawning with a replication -defective 
retrovirus vector, and then hatching the embryo is also one aspect of the invention. In the production method of a GO 

20 transgenic chimera bird of the invention, the time of infecting a replication-defective retrovirus vector is preferably after 
24 hours or more from the start of the incubation. The method of infecting a replication -defective retrovirus vector 
preferably comprises microinjecting the vector into a heart or blood vessel formed in an early embryo. The above heart 
or blood vessel is preferably formed in the early embryo after 24 hours or more from the start of the incubation. As for 
the activity of the replication-defective retrovirus vector to be microinjected, the vector preferably has the titer of not 

25 less than 1 x 10 7 cfu/ml, more preferably not less than 1 x 10 8 cfu/ml, and still more preferably not less than 1 x 10 9 
cfu/ml. The above retrovirus vector is preferably a vector derived from from Moloney murine leukemia virus, and a 
VSV-G pseudo type one is preferred. The GO transgenic chimera bird produced by the invention is preferably a chicken 
or quail. The transgene incorporated into the above replication-defective retrovirus vector preferably contains a gene 
sequence not derived from a retrovirus. The above gene sequence not derived from a retrovirus is preferably a gene 

30 sequence controlled by chicken p-actin promoter, and is preferably a gene sequence coding for an antibody gene or 
fusion protein gene. The above antibody gene is preferably a chimera antibody gene, and an scFv-Fc antibody gene 
is preferred. 

[0036] The GO transgenic chimera bird produced by the production method of a GO transgenic chimera bird of the 
invention is also one aspect of the present invention. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0037] 

40 Fig. 1 shows the structure of vector construct pMSCVNAAp of a replication-defective retrovirus vector. Neo r rep- 

resents a neomycin resistance gene and Amp r represents an ampicillin resistance gene. P^^ represents a p- 
actin promoter gene. p-Gal represents a p-galactosidase expression gene. represents a packaging signal 
sequence. 5'LTR and 3'LTR each represents a long terminal repeat sequence of MoMLV. 
Fig. 2 shows the relation between the introduction time of a gene and p-galactosidase activity expression in a GO 

45 transgenic chimera quail. The horizontal axis shows incubation time (hr), and the vertical axis shows the p-galac- 

tosidase activity expressed in mUnit/mg. 

Fig. 3 shows the relation between the introduction time of a gene and the p-galactosidase activity expression in a 
GO transgenic chimera chicken. The horizontal axis shows incubation time (hr), and the vertical axis shows the p- 
galactosidase activity expressed in mUnit/mg. 
50 Fig. 4 shows the relation between the titer of the introduced retrovirus vector, and the p-galactosidase activity 

expression in a GO transgenic chimera quail. The horizontal axis shows the virus titer expressed in cfu/ml, and the 
vertical axis shows the p-galactosidase activity expressed in mUnit/mg. 

Fig. 5 shows the relation between the titer of the introduced retrovirus vector, and the p-galactosidase activity 
expression in a GO transgenic chimera quail. The horizontal axis shows the virus titer expressed in cfu/ml. and the 
55 vertical axis shows p-galactosidase activity expressed in mUnit/mg. 

Fig. 6 shows human IgG antibody accumulated in quail eggs. The antibody value shows the average value of the 
same experiment result carried out with three quails. 

Fig. 7 shows human IgG antibody accumulated in chicken eggs. The antibody value shows the average value of 
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the same experiment result carried out with three chickens. 

Fig. 8 shows Fab fragment accumulated in quail eggs. The antibody value shows the average value of the same 
experiment result carried out with three quails. 

Fig. 9 shows Fab fragment accumulated in chicken eggs. The antibody value shows the average value of the same 
5 experiment result carried out with three chickens. 

Fig. 1 0 shows Fc fragment accumulated in quail eggs. The antibody value shows the average value of the same 
experiment result carried out with three quails. 

Fig. 11 shows Fc fragment accumulated in chicken eggs. The antibody value shows the average value of the same 
experiment result carried out with three chickens. 

10 Fig. 1 2 shows the structures of anti-CD2 antibody expression vector constructs pMSCV/GAAL (Fig. 1 2(A)) , pMSCV/ 

GAAH (Fig. 12(B)), and pMSCV/GAALIH (Fig. 12(C)). Amp r represents an ampicillin resistance gene. rep- 
resents a p-actin promoter gene. *¥+ represents a packaging signal sequence. GFP represents a green fuluores- 
cent protein gene. L represents an anti-CD2 antibody light chain gene. H represents an anti-CD2 antibody heavy 
chain gene. 5'LTR and 3'LTR each represents a long terminal repeat sequence of MoMLV. 

15 Fig. 1 3 shows the structure of scFv-Fc antibody expression vector construct pMSCV/GAAscFv-Fc. Amp r represents 

an ampicillin resistance gene. P^^ represents a p-actin promoter gene. x ¥+ represents a packaging signal se- 
quence. GFP represents a green fuluorescent protein gene. scFv-Fc represents an scFv-Fc antibody gene. 5'LTR 
and 3'LTR each represents a long terminal repeat sequence of MoMLV. 

Fig. 1 4 shows the amount of scFv-Fc expressed in GO transgenic chimera quail serum. The horizontal axis shows 
20 the individual number, and the vertical axis shows the concentration of an scFv-Fc antibody (jig/ml). 

Fig. 1 5 shows the amount of an scFv-Fc expressed in GO transgenic chimera quail eggs. The horizontal axis shows 
the date of egg collection from the start of spawning, and the vertical axis shows the concentration of an scFv-Fc 
antibody ([ig/iml). 

Fig. 1 6 shows the analysis result of purified scFv-Fc by SDS-PAGE. The lane 1 shows low molecular-weight marker 
25 (LMW), and the lane 4 shows high molecular-weight marker (HMW). The lane 2 and lane 3 show the electrophoresis 

results of an scFv-Fc subjected to reduction treatment and scFv-Fc which is not subjected to reduction treatment, 
respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

[0038] Hereinafter, the present invention is described in detail. 

[0039] The GO transgenic chimera bird of the invention is the bird introduced an exogenous antibody gene with a 
replication-defective retrovirus vector, and produces an antibody derived from a transgene in blood, albumen, or egg 
yolk. 

35 [0040] The bird to be used in the practice of the invention is not particularly restricted, and for example, there may 
be mentioned domestic fowls domesticated for eating, spawning and the like purpose such as a chicken, turkey, duck, 
ostrich and quail, and pet bird. Among them, a chicken and quail are preferred in view of easy availability and fertility 
as egg production species. 

[0041] As the retrovirus vector to be used in the invention, there may be mentioned vectors derived from Moloney 
40 murine leukemia virus (MoMLV), Avian leukosis virus (ALV), and the like. Among them, those derived from MoMLV are 
preferred, but the invention is not limited to these. 

[0042] In consideration of safety, the virus generally used as a transgenic vector is a self replication-defective virus 
producible by deleting either or whole of three species of genes gag, pol and env which are necessary for replication 
of virus particles. For efficiently infecting a bird cell with this virus vector, virus vectors obtainable by artificially converting 
45 a coat protein to a VSV-G (vesicular stomatitis virus origin) pseudo type one are preferred, but the invention is not 
limited to this virus type. 

[0043] Pseudo type virus vectors prepared using a packaging cell, helper virus or the like are introduced into an early 
embryo, blood vessel, and heart by the general microinjection method (Bosselman R. A et al. (1989) Science 243, 
533). As the gene introduction method, in addition to that, lipofection, el ectrop oration and the like methods can be 
50 mentioned. 

[0044] The gene to be introduced into the bird in the practice of the invention is not particularly restricted, but is 
constituted with a marker gene, a structural gene for expressing an intended protein, a promoter gene controlling 
expression of these genes, a secretory signal gene, and the like. 

[0045] As the above marker gene, there may be mentioned a neomycin resistance gene, p-galactosidase gene, LacZ 
55 gene, and a gene coding for a fluorescence protein such as GFP (green fluororescent protein). 

[0046] The above structural gene for expressing an intended protein is not particularly restricted, and there may be 
mentioned a gene coding for an antibody or an enzyme, etc. useful in the filed of gene industry such as a human 
monoclonal antibody, and the like. Also usable are genes of other useful biologically active substances. Particularly 
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preferred are structural genes of exogenous antibodies such as an antibody gene having the constant region belonging 
to class human IgG, antibody gene having the constant region belonging to subclass human lgG1, antibody gene 
having the constant region of quail IgG, chicken IgG, or mouse IgG in view of their preferable accumulation in eggs. 
[0047] Furthermore, preferred as the above structural gene is a structural gene of a chimera antibody. 
5 [0048] The chimera antibody refers to an antibody constituted of two or more different species of genetic character- 
istics. 

[0049] Conventionally, medical antibodies produced by mouse hybridoma are derived from mice, thus there has 
been a problem that the rejection occurs by the immune system when administered to human bodies. As the above 
chimera antibody, there may be mentioned, for example, chimera antibodies in which said defect is improved by sub- 

10 stituting the regions other than those binding with an antigen protein among mouse antibodies with human antibodies 
to cause no rejection, such as an anti-human CD2 antibody, anti-CD20 receptor antibody and anti-TNF antibody, and 
some of them have already been placed on market as pharmaceutical products. 
[0050] Still more preferred as the above structural gene is a structural gene of an scFv-Fc antibody. 
[0051] Among medical recombinant antibodies, there is a group called "low molecular antibody". In immunoglobulin 

15 |gG. there is a domain comprising hetero dimmers of VH and VL called Fv: Fragment of variable region directly binding 
with an antigen. The Fv domain alone has a sufficient antigen binding ability even though it has only about 1/5 molecular 
weight relative to IgG. The one obtainable by artificially binding between the VH and VL domains with a peptide linker 
is a low molecular antibody called scFv: single chain Fv, and has been known to have improved stability as compared 
with VH and VL alone. 

20 [0052] Powers et al. (Powers, D.B et al. (2000) J Immunol Method. 251 , 123) have found that by fusing an Fc portion 
derived from human lgG1 to the scFv, the stability in blood is increased. This scFv-Fc antibody is thought to be useful 
for medical applications, but is not produced by Escherichia coli , which is a low-cost mass production system. 
[0053] As other preferable gene sequence mentioned above, there may be mentioned a structural gene of a fusion 
protein. 

25 [0054] A group of artificial proteins in which parts of two or more species of proteins are fused by gene recombination 
is called a fusion protein. Among those already have been put into practical use as pharmaceutical products, there are 
TNFR-Fc prepared by fusing Fc of immunoglobulin to a TNF receptor, LFA3-Fc prepared by fusing Fc to LFA3, or the 
like. These are artificial proteins designed to have stronger biological activity by fusing Fc to be solubilized. 
[0055] In the GO transgenic chimera bird of the invention, by using the human monoclonal antibody gene, chimera 

30 antibody gene, and scFv-Fc antibody gene mentioned above as the gene to be introduced into the bird, antibody 
pharmaceutical products which have conventionally been difficult to produce can be mass-produced at low cost. 
[0056] For example, in the case of the GO transgenic chimera bird introduced a chimera antibody gene, the antibody 
content in blood is preferably not less than 0.5 u.g/ml, more preferably not less than 5 uxj/ml. In albumen, it is preferably 
not less than 0.1 Lig/ml, more preferably not less than 1 u.g/ml, and in egg yolk, it is preferably not less than 0.1 jig/mL 

35 more preferably not less than 1 jxg/ml. 

[0057] Moreover, in the case of the GO transgenic chimera bird introduced an scFv-Fc antibody gene, the antibody 
content in blood is preferably not less than 20 |xg/ml, more preferably not less than 2000 jig/ml. In albumen, it is 
preferably not less than 5 jxg/ml, more preferably not less than 500 fig/ml, and in egg yolk, it is preferably not less than 
5 p.g/ml, more preferably not less than 500 ^g/ml. 

40 [0058] As the above-mentioned promoter gene, there may be mentioned a constitutive promoter. It is preferable 
when the antibody gene is controlled by the constitutive promoter since the antibody gene expression is stabilized. As 
more preferable constitutive promoter, there may be mentioned chicken p-actin promoter. 

[0059] The method of producing an antibody of the invention comprises producing the GO transgenic chimera bird 
of the invention, and recovering an antibody from blood and/or egg of the above GO transgenic chimera bird. 

45 [0060] Next, the method of producing the GO transgenic chimera bird of the invention is described. 

[0061] As one of said production method, there may be mentioned one which comprises incubating a bird fertile egg, 
infecting an early embryo after and exclusive of a blastodermal period immediately afterthe spawning with a replication- 
defective retrovirus vector, and then hatching the embryo. Furthermore, there may also be mentioned a method as 
one production method of the invention which comprises incubating a bird fertile egg, infecting an early embryo after 

50 the lapse of 24 hours or more from the start of the incubation with a replication-defective retrovirus vector, and then 
hatching the embryo. 

[0062] More preferred is a method comprising micro injecting a replication -defective retrovirus vector to a heart or 
blood vessel formed in the early embryo. 

[0063] That is, the method of producing the GO transgenic chimera bird of the invention comprises microinjecting a 
55 replication-defective retrovirus vector to a fertile egg after the lapse of specific time from spawning. Taking a chicken 
as an example for the early development of a fertile egg after spawning, firstly, the fertile egg fertilized within an oviduct 
starts cleavage after about 1 .5 hours from the fertilization. The egg in which discoidal cleavage is started with the state 
of cytoplasm being connected is cleaved for 1 day before released to outside the body, and becomes an embryo called 
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blastoderm consisting of about 60,000 cells (blastoderm period). This blastoderm is observed as a white ring with a 
diameter of 3 to 4 mm in the center of egg yolk. This embryo is divided into upper and lower layers to form a blastocele. 
The spawning occurs at about the time a hypoblast is formed. The primitive streak is formed, the blastoderm becomes 
to have triple structure i.e. upper, middle and lower layers, and then triploplast is formed. Thereafter, an embryo is 
5 formed and grown, and hatched on the 22nd day from the ovulation. The blastoderm period is also called a stage X. 
Since a productive cell generates from a part of the cell of this stage, the fertile egg of this period is conventionally 
used as a target of gene introduction. 

[0064] In the practice of the invention, the time when a fertile egg in a blastoderm period immediately after spawning 
is placed under the environmental condition suited for hatching, for example, in the case of chicken, temperature of 
10 37.7 to 37.8°C and humidity of 50 to 70%, is set as 0 hour, which was set as the start of incubation, and various 
treatments were conducted with time lapses. The formation of a blood vessel system was observed on egg yolk after 
36 hours from the start of incubation in quails, and about after 50 hours in chickens, and pulsation of the organ which 
is to be differentiated to a heart was observed. 

[0065] For hatching the fertile egg introduced the above gene, the method comprising using an artificial eggshell 
15 developed by the present inventors (Kamihira, M. et al. (1998) Develop. Growth Differ., 40, 449) and the like can be 
applied. 

[0066] As the replication-defective retrovirus vector, gene to be introduced, and transgenic bird, which are used in 
the production method of the invention, there may be mentioned the same ones as of the GO transgenic chimera bird 
mentioned above. 

20 [0067] The transgene incorporated to the above replication -defective retrovirus vector preferably contains a gene 
sequence not derived form the retrovirus. Herein, in the production method of the invention, as the "gene not derived 
form the retrovirus", there may be mentioned the above structural gene, promoter gene, secretion signal gene, and 
the like. The above gene sequence not derived form retrovirus is preferably a gene sequence controlled by chicken p- 
actin promoter, and a gene sequence coding for an antibody gene or a fusion protein is preferred. 

25 [0068] In the production method of the invention, it is preferable to microinject a replication-defective retrovirus vector 
having titers of not less than 1 x 1 0 7 cfu/ml, preferably not less than 1 x 10 8 cfu/ml, more preferably not less than 1 x 
10 9 cfu/ml in view of the efficient gene introduction. 

[0069] The bird introduced the gene into the fertile egg by the production method of the invention grows as the 
transgenic bird having a transgene in its somatic cell in mosaic shape. The first generation transgenic bird is called 
30 the GO transgenic chimera bird. 

[0070] Such GO transgenic chimera bird obtained by the production method of the invention is also one aspect of 
the invention. 

[0071] When the second and third generation bird born by mating the GO transgenic chimera bird and a nontransgenic 
bird, or the GO transgenic chimera bird each other is generated from a productive cell having a transgene in the chro- 
35 mosome, the born bird grows up as an individual containing the transgene within the somatic cells of the entire body. 
The offspring inheriting the transgene from the individual of the GO transgenic chimera bird are called G1, G2, G3 
transgenic birds through generations. 

[0072] By mating the GO transgenic chimera bird of the invention with an allogeanic nontransgenic bird or mating 
type GO transgenic chimera bird, the transgene can be transmitted to offspring, and also a complete transgenic bird 
40 having the transgene in somatic cells of the entire body can be produced. Since the complete transgenic bird has 
somatic cells having a transgene at high ratio, it can be expected that the production amount of recombinant protein 
derived from a transgene is increased as compared with the GO transgenic chimera bird. Furthermore, by establishing 
the line of transgenic bird which stably transmits the transgene, it becomes possible to stabilize the quality as a protein 
production system. 

45 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0073] In the following, the present invention is described in detail by means of examples, however, these examples 
are no limitative of the scope of the invention. 

50 

(Example 1) Preparation of a (3-galactosidase expression vector construct 

[0074] p-galactosidase expression vector construct pMSCVNAAp was produced as follows. 

55 1, A Rous sarcoma virus (RSV) promoter fragment was cut from plasmid pLXRN (product of BD Biosciences 

Clontech) using restriction enzymes Xhol and Hindlll, and then inserted into Xhol and Hindlll sites of plasmid 
pBluescriptllSK (+) (product of Stratagene) to produce plasmid pBlue/RSV. 
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2 A (3-galactosidase (p-Gal) gene fragment was cut from plasmid pCMVp (product of BD Biosciences Clontech) 
using restriction enzyme Notl, and then inserted into Notl site of plasmid pZeoSV2 (+) (product of Invitrogen Cor- 
poration). The plasmid having the structure of a p-Gal gene being inserted in the same direction as T7 promoter 
was named pZeo/lacZ. 

5 

3. An RSV promoter fragment was cut from pBlue/RSV using restriction enzymes Xhol and Pstl. A p-Gal gene 
fragment was cut from pZeo/lacZ using restriction enzymes Pstl and Xhol. A vector fragment of plasmid pLNHX 
(product of BD Biosciences Clontech) treated with restriction enzyme Xhol was linked to the above two cut frag- 
ments to produce plasmid pLNRp. 

10 

4. A fragment containing a series of Moloney murine sarcoma virus (MoMuSV) 5'-long terminal repeat (LTR), virus 
packaging signal, and a neomycin resistance (Neo r ) gene was cut from pLNHX using restriction enzymes Sacll 
and Xhol, and then linked to a vector fragment of pLXRN treated with restriction enzymes Sacll and Xhol to produce 
plasmid pLXL. 

15 

5. A p-Gal gene fragment was cut from pZeo/lacZ using restriction enzymes Hindi 1 1 and Xhol, and then linked to 
a vector fragment of pLXL treated with restriction enzymes Hindi II and Xhol to produce plasmid pLZL. 

6. By PCR (94°C/1 5 seconds, 55°C/30 seconds, 72°C/1 .5 minutes: 35 cycles; KOD-Plus-DNA polymerase (product 
20 of Toyobo Co., Ltd.)) using two chemosynthesis oligonucleotides 5'-cggtctagaggaattcagtggttcg-3' (SEQ ID NO:1) 

and 5'-cca ggatcc gacgttgtaaaacgacg-3' (SEQ ID NO:2; underlined portion is BamHI restriction enzyme site) as 
primers, 5' region fragment of a hybrid promoter (Miw promoter) of RSV promoter and chicken p actin (Act) promoter 
were amplified from plasmid pMiwZ (Suemori et al., 1990, Cell Diff. Dev. 29: 181 to 185), cut with restriction en- 
zymes BamHI and Muni, and then inserted into BamHI and Muni sites of plasmid pGREEN LANTERN-1 (product 
25 of Gibco BRL) to produce plasmid pGmiw5'. 

7. A Miw promoter 5'-side central region fragment was cut from pMiwZ using restriction enzymes Muni and Clal, 
and then inserted into Muni and Clal sites of pGmiw5' to produce plasmid pGmiw5'-2. 

30 8. A fragment containing Miw promoter 5' region and 5'-side central region was cut from pGmiw5'-2 using restriction 

enzymes BamHI and EcoRI, and then inserted into BamHI and EcoRI sites of pBluescript IISK (+) to produce 
plasmid pBlue/MiwS'. 

9. By PCR (98°C/15 seconds, 60°C/30 seconds, 72°C/30 seconds: 35 cycles) using two chemosynthesis oligo- 
35 nucleotides 5'-cca aagctt gccgcagccattgcctttt-3' (SEQ ID NO:3; underlined portion is Hindi 1 1 restriction enzyme site) 

and 5'-ata cctagg ggctggctgcggaggaac-3' (SEQ ID NO:4; underlined portion is Blnl restriction enzyme site) as prim- 
ers, a Miw promoter 3' region fragment was amplified from pMiwZ, cut with restriction enzymes Hindlll and Blnl, 
and then linked to a vector fragment of pLXL treated with restriction enzymes Hindlll and Blnl to produce plasmid 
pLMiw3\ 

40 

10. A Miw promoter 3'-side central region fragment was cut from pMiwZ using restriction enzymes EcoRI and 
Mboll. A Miw promoter 3' region fragment was cut from pLMiw3' using restriction enzymes Mboll and Kpnl. The 
above two cut fragments were inserted into EcoRI and Kpnl sites of pBlue/Miw5' to produce plasmid pBlue/Miw. 

45 11. a fragment containing full length of Miw promoter was cut from pBlue/Miw using restriction enzymes BamHI 

and Blnl. and then linked to a vector fragment of pLXL treated with restriction enzymes BamHI and Blnl to produce 
plasmid pLML. 

12. An Act promoter fragment was cut from pLML using restriction enzymes Smal and Xbal, and then inserted into 
50 EcoRV and Xbal sites of pBluescript IISK (+) to produce plasmid pBlue/Act. 

13. A Miw promoter fragment was cut from pLML using restriction enzymes Hindlll and Bglll, and then linked to a 
vector fragment of pLZL treated with restriction enzymes Hindlll and BamHI to produce plasmid pLMpL. 

55 14. An Act promoter fragment was cut from pBlue/Act using restriction enzymes Sail and Blnl. A p-Gal gene frag- 

ment was cut from pLMpL using restriction enzymes Blnl and Bglll. The above two cut fragments were linked to 
a vector fragment of pLNRp treated with restriction enzymes Xhol and Bglll to produce plasmid pLNAp. 
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1 5. By PCR (98°C/1 5 seconds : 60°C/30 seconds, 68°C/2 minutes: 30 cycles) using two chemosynthesis oligonu- 
cleotides 5'-ttta gctagc tgcagctcagtgcatgcac-3' (SEQ ID NO:5; underlined portion is Nhel restriction enzyme site) 
and 5'-ataa tctaga aacgcagcgactcccgc-3' (SEQ ID NO:6; underlined portion is Xbal restriction enzyme site) as prim- 
ers, an intron-defective actin (AAct) promoter fragment was amplified from pMiwZ, and then a fragment containing 
5 a part of AAct promoter was cut using restriction enzymes Xhol (Xhol restriction enzyme site occurs in an ampli- 

fication fragment) and Xbal. A fragment containing a remaining portion of AAct promoter and p-Gal gene was cut 
from pLNAp using restriction enzymes Blnl and Bgl 1 1. The above two cut fragments were linked to a vector fragment 
of pLNAp treated with restriction enzymes Xbal and Bgl 1 1 to produce plasmid pLNAAp. 

10 16. A fragment containing a series of Neo r genes, AAct promoter, and p-Gal gene was cut from pLNAAp using 

restriction enzymes Blnl and Bglll, and then linked to a vector fragment of pLXL treated with restriction enzymes 
Blnl and Bglll to produce plasmid pLNAA(3-2. 

1 7. A fragment containing a series of Neo r genes, AAct promoter and p-Gal gene was cut from pLNAAp-2 using 
15 restriction enzymes BamHI and Bglll, and then linked to a vector fragment of plasmid pMSCVneo (product of BD 

Biosciences Clontech) treated with restriction enzymes BamHI and Bglll. The plasmid in which BamHI and Bglll 
sites disappeared was named pMSCVNAAp. 

[0075] The structure of vector construct pMSCVNAAp of the thus produced replication-defective retrovirus vector 
20 was shown in Fig. 1 . 

(Example 2) Preparation of a p-galactosidase expression retrovirus vector 

[0076] In order to prepare a retrovirus vector from the vector construct pMSCVNAAp produced in Example 1 , 5 x 
25 10 6 packaging cell GP293 (product of BD Biosciences Clontech) was sown in a 100 mm-diameter culture dish and 
cultured. The culture medium was changed for a flesh DMEM (Dulbecco's Modified Eagle's Medium), and 8 jig of 
p-VSV-G vector (product of BD Biosciences Clontech) and 8 jag of pMSCVNAAp were introduced into the above GP293 
cells by the lipofection method. After the lapse of 48 hours, the culture supernatant containing virus particles were 
recovered and filtered through a 0.45 u,m accetylcellulosefilter (Advantech Co., Ltd.) to remove impurities. The obtained 
30 solution was added with polybrene (product of Sigma Corporation) so as to be 1 0 jig/ml to prepare a virus solution. 
[0077] The prepared virus solution was added to GP293 cells cultured separately, and after the culture for 48 hours, 
the cells were successively cultured in a culture containing 600 jig/ml of G41 8 (product of GIBCO BRL) to obtain G41 8 
stably transformed GP293 strain. 

[0078] The obtained stably transformed strain was cultured in a 10 mm-diameter dish so as to be 80% confluent, 
35 and 16 jig of pVSV-G vector was introduced thereto by the lipofection method. After the lapse of 48 hours, 12 ml of 
the culture supernatant containing virus particles was recovered. 

[0079] This culture supernatant was subjected to centrifugation at 50,000 g and 4°C for 1 .5 hours to precipitate virus. 
After removal of the supernatant, 50 jxl of 50 mM Tris-HCI (pH 7.8), 1 30 mM NaCI and 1 mM EDTA solution were added 
to the precipitate containing the virus particles. Then, the mixture was allowed to stand at 4°C overnight and suspended 

40 thoroughly to recover a virus solution. The thus obtained high titer virus vector was 10 8 to 10 9 cfu/ml. 

[0080] The virus titer was measured as follows. The day before the measurement, 7 x 1 0 4 NIH3T3 cells (purchased 
from American Type Culture Collection) were sown in a 35 mm-diameter dish and cultured. The virus solution diluted 
to 1 0 2 - to 1 0 6 -fold was added to each dish in 1 ml. After the lapse of 48 hours, the rate of cells expressing GFP (green 
fluorescent protein) was determined by a fluorescence microscope, and the titer was determined by the following 

45 calculation formula. 

Virus titer = (number of cells) x (dilution rate) x 
50 (expression ratio) (cfu/ml) 

(Example 3) Injection of the retrovirus vector to a quail embryo 

[0081] A quail fertile egg of WE lineage (Japan Bio Science Laboratory CO., Ltd.) was used. At the time when this 
55 fertile egg was placed in an incubator with a built-in automatic egg rotation device (product of Showafuranki Co., Ltd.; 
P-008 type) at 37.9°C and humidity of 65% was set as the incubation start time (0 hour). Then, the incubation was 
carried out while rotating the egg at 90 degrees every 15 minutes. 

[0082] At the start of the incubation, the fertile eggshell was sterilized with 70% ethanol, and the sharp-round end 



10 



EP 1 548 114 A1 



portion was cut with a diamond cutter (MINIMO 7C71 0, product of Minitor Co., Ltd.) in a 2 cm- diameter circle to expose 
the embryo. While observing the blastoderm with a stereoscopic microscope, a needle prepared by folding the end so 
as to have a diameter of about 20 jim from a glass tube (CD-1 , product of Olympus Corporation) using a micropipette 
puller (PC-1 0 ; product of Olympus Corporation) was stuck, and about 2 jxl of the virus solution prepared in Example 2 

5 was microinjected at the center of the blastodermal cavity using a microinjector(Transjector 5246, product of Eppendorf, 
Co., Ltd.). After filling albumen up to the cut edge of this eggshell, Teflon film (MilliWrap, product of Millipore Corporation) 
and polyvinylidene chloride wrap (Saran Wrap, product of Asahi Kasei Corporation) were used to cover the egg using 
albumen as a paste. Then, the incubation was carried out while rotating the egg at 90 degrees every 15 minutes. 
[0083] After the lapse of 12 and 24 hours from the start of the incubation, virus was injected to the fertile egg in the 

10 same manner. After about 36 hours from the start of incubation, the generation of a blood vessel was confirmed on 
the egg yolk surface; a part thereof pulsed, thus it was observed that a part thereof becomes a heart field with a 
stereoscopic microscope. After the lapse of 36, 48 and 55 hours from the start of incubation, 2 uJ of the virus solution 
prepared in Example 2 was microinjected to the heart using a micro injector. 

15 (Example 4) Injection of the retrovirus vector to a chicken embryo 

[0084] A chicken fertile egg (Japan Bio Science Laboratory CO., Ltd.) was used. At the time when this fertile egg 
was placed in an incubator with a built-in automatic egg rotation device (product of Showafuranki Co., Ltd.; P-008 type) 
at 37.9°C and humidity of 65% was set as the incubation start time (0 hour). Then, the incubation was carried out while 

20 rotating the egg at 90 degrees every 1 5 minutes. 

[0085] At the start of the incubation, the fertile eggshell was sterilized with 70% ethanol, and the sharp-round end 
portion was cut with a diamond cutter (MINIMO 7C710, product of Minitor Co., Ltd.) in a 3.5 cm-diameter circle to 
expose the embryo. While observing the blastoderm with a stereoscopic microscope, a needle prepared by folding the 
end so as to have a diameter of about 20 jxm from a glass tube (CD-1, product of Olympus Corporation) using a 

25 micropipette puller (PC-1 0, product of Olympus Corporation) was stuck, and about 2 uJ of the virus solution prepared 
in Example 2 was microinjected at the center of the blastodermal cavity using a microinjector (Transjector 5246. product 
of Eppendorf, Co., Ltd.). After filling albumen up to the cut edge of this eggshell, Teflon film (MilliWrap, product of 
Millipore Corporation) and polyvinylidene chloride wrap (Saran Wrap, product of Asahi Kasei Corporation) were used 
to cover the egg using albumen as a paste. Then, the incubation was carried out while rotating the egg at 90 degrees 

30 every 15 minutes. 

[0086] After the lapse of 12 and 24 hours from the start of the incubation, the fertile egg was treated in the same 
manner. After about 50 hours from the start of incubation, the generation of a blood vessel was observed on the egg 
yolk surface; a part thereof pulsed, thus it was observed that a part thereof becomes a heart field with a stereoscopic 
microscope. After the lapse of 50, 55 and 60 hours from the start of incubation, 2 uJ of the virus solution prepared in 
35 Example 2 was microinjected to the heart using a microinjector. 

(Example 5) p-galactosidase activity measurement 

[0087] After the lapse of 115 hours from the start of the incubation, the embryo was taken out from the eggshell, and 
40 washed with PBS (phosphate buffer solution) to remove a membrane enclosing the embryo. The removed embryo was 
finely sheared, and added with 0.8 ml of a reaction buffer (10 mM KC1, 1 mM MgCI 2 , 0.1% Triton X-100 (product of 
Wako Pure Chemical Industries, Ltd.), 5 mM 2-mercaptoethanol (product of Wako Pure Chemical Industries, Ltd.), and 
2mM phosphate buffer pH 7.5), and subjected to ultrasonic disruption to obtain a cell liquid. 

[0088] 0.6 ml of the cell liquid was incubated at 37°C for 10 minutes, and 0.1 ml of a liquid prepared by dissolving 4 
45 mg/ml of o-nitrophenyl-p-D-galactopyranoside (ONPG) (product of Sigma Corporation) in 0.1 M phosphate buffer (pH 
7.5) warmed in advance was added. Afterthe reaction, 0.3 ml of 1 M Na 2 C0 3 (product of Wako Pure Chemical Industries, 
Ltd.) was added and the wavelength strength at 420 nm was measured with an adsorption meter. 
[0089] The p-galactosidase activity was expressed in terms of ONPG unit (1 unit: activity with which 1 u.mol of o- 
nitrophenol is generated per minute). The experiment was carried out three times, and the average value thereof was 
50 used as the p-galactosidase activity. 

[0090] The relation between the gene introduction time and p-galactosidase activity measurement result of chickens 
and quails was shown in Fig. 2 and Fig. 3. In quails, the p-galactosidase gene introduced after 48 hours of the incubation, 
and in chickens, that introduced after 55 hours were expressed stronger than those introduced before. These findings 
suggest that the inactivation (silencing) mechanism of retrovirus for exogenous genes which the bird fertile eggs have 
55 is remarkable immediately afterthe fertilization, but becomes weakened with the time lapses. Thus, it becomes possible 
to produce a GO transgenic chimera bird efficiently expressing the transgene without being inactivated by introducing 
an intended gene to a fertile egg after the lapse of a specific time, which depends on the bird species. 
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(Example 6) Efficiency of gene expression by virus titer 

[0091] The 1 x 1 0 8 cfu/ml virus solution prepared in Example 2 was diluted with dilution solvents (50 mM Tris-HCI 
(pH 7.8), 130 mM NaCI, and 1 mM EDTA solution) in three stages of 10-fold, 100-fold, and 1000-fold. Thus, 1 x 10 7 ; 
5 1 x 10 6 , and 1 x 10 5 cfu/ml titer virus solutions were prepared. Quail fertile eggs were incubated, and to early devel- 
opment hearts after 48 hours, 2 \i\ of the prepared virus solutions were micro injected. In the same manner, as a control, 
2 \i\ of the dilution solvent alone was injected to an early development heart after 48 hours. 

[0092] After the lapse of 115 hours from the start of the incubation, the p-galactosidase activity was measured ac- 
cording to Example 5. The relation between the virus titer and gene expression result in quails was shown in Fig. 4. 
10 [0093] In the same manner, chicken fertile eggs were incubated, and to early development hearts after 55 hours, 2 
\i\ of the prepared virus solutions were micro injected. As a control, 2 \i\ of the dilution solvent alone was injected to an 
early development heart after 55 hours. 

[0094] After the lapse of 115 hours from the start of the incubation, the (3-galactosidase activity was measured ac- 
cording to Example 5. The relation between the virus titer and gene expression result in chickens was shown in Fig. 5. 
15 [0095] In the quail and chicken injected with 1 x 1 0 8 cfu/ml of virus, remarkable (3-galactosidase activity was observed, 
and in those injected with the lower concentrations, the expression amounts were low. It was suggested that the virus 
titer greatly affects the expression of transgene, that is, for efficiently expressing the transgene with the GO transgenic 
chimera bird of the invention, the use of high titer replication-defective vector is effective. 

20 (Example 7) Transition ability of a human antibody to a quail and chicken egg 

[0096] A mixture comprising human antibodies having three subclasses (IgG 1 , 2, and 3) (product of Cosmo Bio Co. , 
Ltd.) and the corresponding three species of antibody fragments (Fab-1 , Fab-2, Fab-3, Fc-1 . Fc-2, and Fc-3) (products 
of Cosmo Bio Co., Ltd.) were diluted with PBS so as to be 100 u,g/ml. 100 \x\ of the diluted solutions were injected into 
25 veins under wings of quail adult birds (three birds) or chicken adult birds (three birds). 

[0097] Eggs were collected from the next day to the 20th day of the antibody injection into veins, and the antibodies 
transferred into eggs were quantified. Egg yolk and albumen were diluted to 50% (W/V) and 10% (V/V) with PBS, 
respectively, and preserved in frozen state to be used as measurement samples. 

30 (Example 8) Quantification of an antibody in eggs by ELISA method 

[0098] An anti-human IgG antibody (product of Cosmo Bio Co., Ltd.) diluted with PBS was put into ELISA plates in 
100 uxj/well, and allowed to stand at 4°C overnight. Each plate was washed with 200 jil of PBS-0.05% Tween 20 
solution three times, and then PBS-0.05% Tween 20 solution-2% skim milk was added in the wells in 150 jxl/well. 

35 [0099] After allowing the mixtures to stand at room temperature for 2 hours, the wells were washed with 200 uJ of 
PBS-0.05% Tween 20 solution three times. Then, blood, albumen and egg yolk samples were placed therein in 120 
uJ and the mixtures were allowed to stand at 4°C overnight. After returning these ELISA plates to room temperature, 
each well was washed with PBS-Tween 20 solution three times, Peroxide (POD) labeled anti-human IgG antibody 
(product of Cosmo Bio Co., Ltd.) diluted with PBS-0.05% Tween 20 solution was put into each well in 100 fil/well, and 

40 allowed to stand for 1 hour at room temperature. 

[0100] The wells were washed with PBS-0.05%Tween 20 solution four times, and 1 00 jxl of a coloration liquid (pre- 
pared by dissolving 10 mg of o-phenylene diamine (product of Katayama Chemical Industry Co., Ltd.) in 1 ml of meth- 
anol, diluting with distilled water to be 1 00 ml, and adding 1 0 u.l of hydrogen peroxide (product of Wako Pure Chemical 
Industries, Ltd.)) was added to the wells. Then, 50 u.l of 8M sulfuric acid was added to quench the reaction, and the 

45 fluorescence intensity at 490nm was determined with a plate reader to calculate the concentration from the standard 
calibration curve. The result was obtained by averaging the antibody concentrations of the samples obtained from 
three quails and chickens. 

[0101] The standard antibody for standard calibration-curve construction (product of Cosmo Bio Co., Ltd.) was diluted 
with 50% egg yolk-PBS (W/V). 

50 [0102] The antibody concentrations accumulated in quail and chicken eggs were shown in Fig. 6 and 7. The Fab 
and Fc fragment concentrations accumulated in quail and chicken eggs were shown in Fig. 8, 9, 10 and 11 . 
[0103] In quails and chickens, it was found that human IgG antibody, while in subclass, human lgG2 and human 
lgG1 , were efficiently accumulated in eggs. Moreover, since the Fc fragment showed high transition ability to eggs, it 
was suggested that Fc receptor intervenes the transition of human IgG. 

55 

(Example 9) Production of an anti-CD2 antibody expression vector construct 

[0104] Vector constructs foranti-CD2 antibody expression pMSCV/GAAH, pMSCV/GAAL, and pMSCV/GAALIH were 
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produced as follows. 

1 . mRNA was obtained from human antibody (IgM)-producing hybridoma cell D253-1 5-6 (American Type Culture 
Collection HB-8789) using Quick Prep Micro mRNA Purification Kit (product of Pharmacia K.K.), and a cDNA library 
was prepared using First-Strand cDNA Synthesis Kit (product of Pharmacia K.K.) from the obtained mRNA. By 
PCR (94°C/1 minute, 50°C/1 minute, 72°C/1 .5 minutes: 25 cycles; Taq DNA polymerase (product of PerkinElmer 
Inc.)) using two chemosynthesis oligonucleotides 5'-atc ctcgag aggccaaagtacagtg-3' (SEQ ID NO:7; underlined por- 
tion is Xhol restriction enzyme site) and 5'-ccc ggatcc ctaacactctcccctgttgaagct-3' (SEQ ID NO:8; underlined portion 
is BamHI restriction enzyme site) as primers, a gene fragment of human antibody L chain k constant region (hCK) 
was amplified from the above cDNA library, cut with restriction enzymes Xhol and BamHI, and then inserted into 
Xhol and BamHI sites of plasmid pBluescript IIKS (-), (product of Stratagene) to produce plasmid pBlue/hCK. 

2. In the same manner, by PCR using two chemosynthesis oligonucleotides 5'-a gcggccgc tacaggtgtccactccga- 
catcgtgatgacccagtctcc-3' (SEQ ID NO: 9; underlined portion is Notl restriction enzyme site) and 5'-cct ctcgag gata- 
gaagttattcagcaggcacac-3 1 (SEQ ID NO:10; underlined portion is Xhol restriction enzyme site) as primers, a gene 
fragment of human antibody L chain variable region (hVL) was amplified from the above cDNA library, cut with 
restriction enzymes Notl and Xhol, and then inserted into Notl and Xhol sites of pBluescript IIKS (-) to produce 
plasmid pBlue/hVL. 

3. In the same manner, by PCR using two chemosynthesis oligonucleotides 5'-acctcgagcgtggccgttggctgcctcgcaca- 
3' (SEQ ID NO:11; underlined portion is Xhol restriction enzyme site) and 5'-act aagctt acgttgtacagggtgggtttacc-3' 
(SEQ ID NO:12; underlined portion is Hindlll restriction enzyme site) as primers, a gene fragment of human anti- 
body H chain jx constant region (hCjx) was amplified from the above cDNA library, cut with restriction enzymes 
Xhol and Hindlll, andthen inserted into Xhol and Hindlll sites of pBluescript IIKS (-) to produce plasmid pBlue/hCjx. 

4. In the same manner, by PCR using two chemosynthesis oligonucleotides 5'-a gcggccgc tacaggtgtccactccgaggt- 
gcagctggtggagtctgg-3' (SEQ ID NO:13; underlined portion is Notl restriction enzyme site) and 5'-cacg ctcgag gtatc- 
cgacggggaattctcacagga-3' (SEQ ID NO:14; underlined portion is Xhol restriction enzyme site) as primers, a gene 
fragment of human antibody H chain variable region (hVH) was amplified from the above cDNA library, cut with 
restriction enzymes Notl and Xhol, and then inserted into Notl and Xhol sites of pBluescript IIKS (-) to produce 
plasmid pBlue/hVH. 

5. From pBlue/hCK, hCK gene fragment was cut using restriction enzymes Xhol and BamHI and then inserted 
into Xhol and BamHI sites of plasmid pCEP4 (product of Invitrogen Corporation) to produce plasmid pCEP4/hCK. 

6. Two chemosynthesis oligonucleotides 5'-ccc aagctt gatctccactgggatggtgggggccctcctcttgctgctg-3' (SEQ ID NO: 
15; underlined portion is Hindlll restriction enzyme site) and 5'-ccco i o i atcctcagtcaaggcgccttcgcatgaagaggccgatc- 
cccagggccaccaccagcagcaagaggagggcccc-3' (SEQ ID NO:16; underlined portion is BamHI restriction enzymesite) 
were annealed over 21 bps with a complementary 3' end to produce a gene fragment of epidermal growth factor 
receptor membrane penetration region (TM) by DNA double strand synthesis reaction using T4 DNA polymerase 
(TakaraShuzo Co., Ltd.). The obtained TM gene fragment was treated with restriction enzymes Hindlll and BamHI, 
and then inserted into Hindlll and BamHI sites of pBluescript IIKS (-) to produce plasmid pBlue/TM. 

7. From pBlue/hCu., hCji gene fragment was cut using restriction enzymes Xhol and Hindlll, and then inserted into 
Xhol and Hindlll sites of pBlue/TM to produce plasmid pBlue/hCuTM. 

8. From pBlue/hCuTM, afragment containing a series of hCjj, genes andTM gene was cut using restriction enzymes 
Xhol and BamHI, and then inserted into Xhol and BamHI sites of pCEP4 to produce plasmid pCEP4/hCuTM. 

9. pCEP4/hCuTM was cut with restriction enzyme BamHI, and the end was treated to be smooth with T4 DNA 
polymerase to produce plasmid pCEP4/hCuTMAB by self ligation. 

10. By site-specific mutagenesis using a chemosynthesis oligonucleotide 5'-tgaagacagat ggcgcc gccacagttcgttt-3' 
(SEQ ID NO:17; underlined portion is Narl restriction enzyme site), restriction enzyme Narl site was introduced 
into 3' end of hVL contained in pBlue/hVL without changing the amino acidcodonsto produce plasmid pBlue/hVLN. 

11 . By site-specific mutagenesis using a chemosynthesis oligonucleotide 5'-tggggcggatgc£gatectgaggagacggt-3' 
(SEQ ID NO: 18; underlined portion is BamHI restriction enzymesite), restriction enzyme BamHI site was introduced 
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into 3' end of hVL contained in pBlue/hVL without changing the amino acid codons to produce plasmid pBlue/hVHB. 

12. mRNAwas obtained from anti-human CD2 mouse antibody-producing hybridoma cell TS2/1 8.1 .1 (American 
Type Culture Collection HB-1 95) using Quick Prep Micro mRNA Purification Kit, and a cDNA library was prepared 

5 using First-Strand cDNA Synthesis Kit from the obtained mRNA. By PCR using two chemosynthesis oligonucle- 

otides 5'-c gcggccgc ctcagggaaagtttgaagatg-3' (SEQ ID NO:19; underlined portion is Notl restriction enzyme site) 
and 5'-c ggcgcc gccacagtccgttttatttccagcttggt-3' (SEQ ID NO:20; underlined portion is Narl restriction enzyme site) 
as primers, a gene fragment of mouse antibody L chain variable region (mVL) was amplified from the above cDNA 
library, cut with restriction enzymes Notl and Narl, and then inserted into Notl and Narl sites of pBlue/hVLN to 

10 produce plasmid pBlue/mVL. 

13. In the same manner, by PCR using two chemosynthesis oligonucleotides 5'-c gcggccgc gaacacggamccctcac- 
catg-3 1 (SEQ ID NO:21 ; underlined portion is Notl restriction enzyme site) and 5'-cp^atcctgcagagacagtgaccagagt- 
3' (SEQ ID NO:2.2; underlined portion is BamHI restriction enzyme site) as primers, a gene fragment of mouse 

15 antibody H chain variable region (mVH) was amplified from the above cDNA library, cut with restriction enzymes 

Notl and BamHI, and then inserted into Notl and BamHI sites of pBluescript I IKS (-) to produce plasmid pBlue/mVH. 

14. From pBlue/mVL, mVL gene fragment was cut with restriction enzymes Notl and Xhol, and then inserted into 
Notl and Xhol sites of pCEP4/hCKto produce plasmid pCEP4/lgl_K. 

20 

15. From pBlue/hVHB, hVH gene fragment was cut with restriction enzymes Notl and Xhol, and then inserted into 
Notl and Xhol sites of pCEP4/hCpTMAB to produce plasmid pCEP4/hlgHuTM. 

16. From pBlue/mVH, mVH gene fragment was cut with restriction enzymes Notl and BamHI, and then linked to 
25 a vector fragment of pCEP4/hlgHuXM treated with restriction enzymes Notl and BamHI to produce plasmid 

pCEP4/lgHuTM. 

17. From plasmid pMSCVneo (product of BD Biosciences Clontech), a fragment containing a series of murine 
phosphoglycerate kinase (PGK) promoters and Neo r gene was removed with restriction enzymes Bglll and BamHI , 

30 and plasmid pMSCV was produced by self ligation of the remained vector fragment. 

18. From plasmid pGREEN LANTERN-1 (product of Gibco BRL), GFP gene fragment was cut with restriction 
enzyme Notl, and then inserted into Notl site of pZeoSV2 (+). The plasmid having the structure of GFP gene being 
inserted in the same direction as T7 promoter was named pZeo/GFP. 

35 

19. From pZeo/GFP, GFP gene fragment was cut with restriction enzymes EcoRI and Xhol, and then linked to a 
vector fragment of pMSCV treated with restriction enzymes EcoRI and Xhol to produce plasmid pMSCV/G. 

20. mRNA was obtained from human antibody (lgG1) producing myeloma cell IM-9 (Japanese Collection of Re- 
40 search Bioresources 0024) using mRNA isolation kit (product of Roche Ltd.), and a cDNA library was prepared 

using ReverTra Ace (product of Toyobo Co., Ltd.) from the obtained mRNA. By PCR (95°C/2 minutes, 52°C/30 
seconds, 74°C/3 minutes: 30 cycles; Pfu DNA polymerase (product of Promega Corporation))using two chem- 
osynthesis oligonucleotides 5'-caagcttcaagggcccat-3' (SEQ ID NO:23) and 5'-atttacccggagacaggga-3' (SEQ ID 
NO:24), a gene fragment of human antibody H chain yl constant region (hCyl) was amplified from the above cDNA 

45 library. Furthermore, by PCR (94°C/15 seconds, 58°C/30 seconds, 68°C/1 minute: 30 cycles; KOD-plus-DNA 

polymerase) using two chemosynthesis oligonucleotides 5'-ata ggatcc gctagcttcaagggcccatcg-3' (SEQ ID NO:25: 
underlined portion is BamHI restriction enzyme site) and 5'-agc aagctt tcatttacccggagacaggga-3' (SEQ ID NO:26; 
underlined portion is Hindi II restriction enzyme site), as primers, hCyl gene fragment was amplified from the above 
PCR product, cut with restriction enzymes BamHI and Hindlll, and then inserted into BamHI and Hindlll sites of 

50 pBluescript IISK (+) to produce plasmid pBlue/hCyl . 

21. From pCEP4/lgHuTM, mVH gene fragment was cut with restriction enzymes Hindlll and BamHI. From pBlue/ 
hCyl , hCyl gene fragment was cut with restriction enzymes BamHI and Hindlll. To a vector fragment of plasmid 
pETBIue-2 (product of Novagen, Inc.) treated with restriction enzyme Hindlll, the above two cut fragments were 

55 linked to produce plasmid pETBIue/lgHyl . 

22. From pETBIue/lgHyl , a gene fragment of antibody H chain y1 (IgHyl ) was cut with restriction enzyme Hindlll, 
and inserted into Hindlll site of pMSCV/G. The plasmid having the structure of IgHyl gene being inserted in the 
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same direction as GFP gene was named pMSCV/GH. 

23. By PCR (94°C/1 5 seconds, 50°C/30 seconds, 68°C/1 minute: 10 cycles; 94°C/1 5 seconds, 62°C/30 seconds, 
68°C/1 minute: 30 cycles) using two chemosynthesis oligonucleotides S'-acgcgtc^acgtgcatgcacgctcattg-S' (SEQ 

5 ID NO:27; underlined portion is Sail restriction enzyme site) and 5'-acgc gtcgac aacgcagcgactcccg-3' (SEQ ID NO: 

28; underlined portion is Sail restriction enzyme site) as primers, AAct promoter fragment was amplified from 
pMiwZ, cut with restriction enzyme Sail, and inserted into Sail site of pETBIue-2 to produce plasmid pETBIue/AAct. 

24. From pETBIue/Aact, AAct promoter fragment was cut with restriction enzyme Sail, and inserted into Xhol site 
10 of pMSCV/GH. The plasmid having the structure of AAct promoter being inserted in the same direction as IgHyl 

gene was named pMSCV/GAAH. 

25. By PCR (95°C/30 seconds, 50°C/30 seconds, 74°C/2 minutes: 1 0 cycles; 95°C/30 seconds, 60°C/30 seconds, 
74°C/2 minutes: 30 cycles; Pfu DNA polymerase) using two chemosynthesis oligonucleotides 5'-aat gtcgac atggt- 

15 gtccacttctcagctc-3' (SEQ ID NO:29; underlined portion is Sail restriction enzyme site) and 5'-ttc gtcgac ctaacactctc- 

ccctgttgaa-3 1 (SEQ ID NO:30; underlined portion is Sail restriction enzyme site) as primers, a gene fragment of 
antibody L chain k (IgLic) was amplified from pCEP4/lgl_K, cut with restriction enzyme Sail, and then inserted into 
Sail site of pETBIue-2 to produce plasmid pETBIue/lgLK. 

20 26. From pETBIue/A Act, AAct promoter fragment was cut with restriction enzyme Sail, and then inserted into Xhol 

site of pMSCV/G. The plasmid having the structure of AAct promoter being inserted in the same direction as GFP 
gene was named pMSCV/GAA. 

27. From pETBIue/lgLK, lgl_K gene fragment was cut with restriction enzyme Sail, and then inserted into Sail site 
25 of pMSCV/GAA. The plasmid having the structure of lgl_K gene fragment being inserted in the same direction as 

AAct promoter was named pMSCV/GAAL. 

28. By PCR (94°C/15 seconds, 60°C/30 seconds, 68°C/1 minute: 30 cycles) using two chemosynthesis oligonu- 
cleotides 5'-acgc gtcgac cgcccctctccctccccc-3' (SEQ ID NO:31; underlined portion is Sail restriction enzyme site) 

30 and 5'-ccg ctcgag attatcatcgtgtttttcaaaggaaaaccacgtc-3' (SEQ ID NO:32; underlined portion is Xhol restriction en- 

zyme site) as primers, IRES fragment was amplified from plasmid pLXIN (product of BD Biosciences Clontech), 
cut with restriction enzymes Sail and Xhol, and then inserted into Sail and Xhol sites of pETBIue-2 to produce 
plasmid pETBIue/IRES. 

35 29. From pETBIue/IRES, IRES fragment was cut with restriction enzymes Sail and Xhol, and then inserted into 

Sail site of pMSCV/GAAH. The plasmid having the structure of IRES being inserted in the same direction as IgHyl 
gene was named pMSCV/GAAIH. 

30. From pETBIue/lgl_K, lgl_K gene fragment was cut with restriction enzyme Sail, and then inserted into Sail site 
40 of pMSCV/GAAIH. The plasmid having the structure of lgl_K gene fragment being inserted in the same direction 

as AAct promoter was named pMSCV/GAALIH. 

[0105] The thus produced vector constructs of replication-defective retrovirus vector pMSCV/GAAH, pMSCV/GAAL 
and pMSCV/GAALIH were shown in Fig. 12. 

45 

(Example 10) Production of anti-CD2 antibody expressing GO transgenic chimera quail 

[0106] According to Example 2, three species of retrovirus vectors were prepared from vector constructs pMSCW 
GAAH. pMSCV/GAAL and pMSCV/GAALIH. The titers of these retrovirus vectors were measured and found to be 1 0 8 
50 cfu/mlto 10 9 cfu/ml. 

[0107] The obtained retrovirus vectors were microinjected to hearts of quail fertile eggs after 36 hours from the start 
of incubation according to Example 3, and the eggs were incubated while rotating the eggs at 90 degrees every 15 
minutes at 37.9°C and humidity of 65%. 

[0108] In orderto cause an antibody comprising a light chain and heavy chain to be expressed in transgenic animals, 
55 presumable are a method comprising introducing a vector expressing a light chain and vector expressing a heavy 
chain individually, and a method comprising dividing genes expressing a light chain and genes expressing a heavy 
chain with a sequence such as IRES, and introducing thereof as the same vector. Thus, injection was carried out 
separately in a case where pMSCV/GAAH and pMSCV/GAAL were infected at the same time (Example 1 1 and Exper- 
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iment Example 1), and a case where a vector prepared by pMSCV/GAALIH was introduced alone (Example 11 and 
Experiment Example 2). 

[0109] After 48 hours from the start of incubation, that the generation normally proceeded was confirmed, and then 
the virus-introduced embryo was transferred to an S size hen egg in which a 4 cm-diameter circle was holed on the 

5 blunt-round end. With placing the embryo upside to be exposed to air, 0.5 ml of a calcium lactate (product of Sigma 
Corporation) solution suspended in albumen at the concentration of 50 mg/ml was added, and the egg was sealed 
with wrap using albumen as a paste. The egg was again placed in an incubator, and incubated for 13 days at 37.9°C 
and humidity of 65% with rotations at 60 degrees every hour. Then, the rotation was stopped and the egg was allowed 
to stand. When the embryo shifted to pulmonary respiration, a small hole was made on wrap with a needle to assist 

10 respiration. When blood in chorioallantois reduced, a baby chick was taken out from the incubator and hatched. 

(Example 11) Determination of the concentration of anti-CD2 antibody in serum and egg 

[01 1 0] GO transgenic chimera quails hatched in Example 1 0 were bred for one month to grow baby chicks. After 30 
15 and 60 days, blood was sampled from veins under wings of the grown GO transgenic quails to obtain blood samples. 
The obtained blood was centrifuged for 1 0 minutes at 1 5,000 rpm, and the amount of anti-CD2 antibody was determined 
from serum obtained as supernatant. 

[0111] After 1 .5 months from the hatch, eggs were collected from female transgenic quails which started egg laying, 
and the amount of anti-CD2 antibody in albumen and egg yolk prepared according to Example 7 was determined by 
20 ELISA method according to Example 8. 

[0112] The quantification results of Experiment Example 1 and Experiment Example 2 were shown. 

(Experiment Example 1) 

25 [01 1 3] The GO transgenic chimera quail (individual identification number #1113) simultaneously infected with vectors 
(3 to 4 x 1 0 8 cfu/ml) prepared from pMSCV/GAAH and pMSCV/GAAL expressed anti-CD2 antibody at concentrations 
of 0.6 u.g/ml in egg yolk, and 0.5 jag/ml in albumen. 

(Experiment Example 2) 

30 

[0114] The GO transgenic chimera quail (#4202) introduced a vector prepared from pMSCV/GAALIH (5 x 10 8 cfu/ 
ml) alone expressed 5.2 fig/ml of anti-CD2 antibody in serum. 

(Example 12) Production of an scFv-Fc antibody expression vector construct 

35 

[0115] ScFv-Fc antibody expression vector construct pMSCV/scFv-Fc was produced as follows. 

1 . Two chemosynthesis oligonucleotides having phosphorylated 5' ends 5' -ctaga ccatgaggtctttgctaatcttggtgctttgct- 
tcctgcccctggctgctctgg p^-3 1 (SEQ ID NO:33; ctaga is Xbal recognition site end, and c[C[ is Haelll recognition site 

40 end) and 5'-ccccagagcagccaggggcaggaagcaaagcaccaagattagcaaagacctcatggt-3' (SEQ ID NO:34; cc is Xbal rec- 

ognition site end, and t is Haelll recognition site end) were annealed to prepare a gene fragment of lysozyme 
secretion signal. By PCR (94°C/1 5 seconds, 58°C/30 seconds, 68°C/1 minute: 30 cycles; KOD-Plus-DNA polymer- 
ase) using two chemosynthesis oligonucleotides S'-gcgtttaaagtgacgttggacgtccg-S 1 (SEQ ID NO:35; tttaaa is Dral 
restriction enzyme site) and S'-attaggatccgcgcttaaggacggtcagg-S' (SEQ ID NO:36; ggatcc is BamHI restriction 

45 enzyme site) as primers, an scFv gene fragment was amplified from plasmid pPDS/scFv containing a gene of a 

single strand antibody (scFv) prepared from HUC2-13 cell chicken antibody variable region gene (Nakamura et 
al., 2000, and Cytotechnology 32: 191-198), and cut with restriction enzymes Dral and BamHI. The above two 
prepared fragments were inserted into Xbal and BamHI sites of pBluescript I ISK (+) to produce plasmid pBlue/scFv. 

50 2. The scFv gene fragment was cut with restriction enzymes Notl and BamHI from pBlue/scFv, and then inserted 

into Notl and BamHI sites of pCEP4 to produce plasmid pCEP4/scFv. 

3. mRNA was obtained from human lgG1 -producing myeloma cell IM-9 using the mRNA isolation kit, and a cDNA 
library was prepared using ReverTra Ace from the obtained mRNA. By PCR (95°C/2 minutes, 52°C/30 seconds, 
55 74°C/3 minutes: 30 cycles; Pfu DNA polymerase) using two chemosynthesis oligonucleotides 5'-caagcttcaag- 

ggcccat-3 1 (SEQ ID NO:23) and 5'-atttacccggagacaggga-3' (SEQ ID NO:24) as primers, hCyl gene fragment was 
amplified from the above cDNA library. Furthermore, by PCR (94°C/1 5 seconds, 58°C/30 seconds, 68°C/1 minute: 
30 cycles; KOD-plus-DNA polymerase) using two chemosynthesis oligonucleotides 5'-atta ggatcc gagcccaaatctt- 
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gtgacaaaactc-3' (SEQ ID NO:37; ggatcc is BamHI restriction enzyme site) and 5'-agc aagctt tcatttacccggagacag- 
gga-3' (SEQ ID NO:26; aagctt is Hindlll restriction enzyme site) as primers, a gene fragment of human antibody 
H chain y1 Fc region (Fc) was amplified from the above PCR product, cut with restriction enzymes BamHI and 
Hindlll, and then inserted into BamHI and Hindlll sites of pBluescript IISK (+) to produce plasmid pBlue/Fc. 

5 

4. From pCEP4/scFv, an scFv gene fragment was cut with restriction enzymes Hindlll and BamHI. From pBlue/ 
Fc, Fc gene fragment was cut with restriction enzymes BamHI and Hindlll. The above two cut fragments were 
inserted into Hindlll site of pBluescript IISK (+) to produce plasmid pBlue/scFv-Fc. 

10 5. From pBlue/scFv-Fc, a gene fragment having the structure of human antibody H chain y1 -Fc being linked to a 

chicken single chain antibody variable region (scFv-Fc) was cut with restriction enzyme Hindlll, and linked to a 
vector fragment of pMSCV/GAAH treated with restriction enzyme Hindlll. The plasmid having the structure of an 
scFv-Fc gene being linked in the same direction as AAct promoter was named pMSCV/GAAscFv-Fc. 

15 [0116] The structure of thus produced vector construct pMSCV/GAAscFv-Fc of the replication-defective retrospective 
virus vector was shown in Fig. 13. 

(Example 13) Production of scFv-Fc antibody expressing GO transgenic chimera quails 

20 [0117] According to Example 2, a retrovirus vector was prepared from vector construct pMSCV/GAAscFv-Fc. The 
titer of this retrovirus vector was determined and found to be 10 8 cfu/ml to 10 9 cfu/ml. 

[0118] According to Example 3, the obtained virus vector solution was microinjected into hearts of quail fertile eggs 
after 36 hours from the start of incubation. The eggs were hatched according to Example 1 0 to produce GO transgenic 
chimera quails. 

25 

(Example 14) Determination of the concentration of scFv-Fc in serum and egg 

[0119] GO transgenic chimera quails produced in Example 13 were bred for one month to grow baby chicks. After 
the lapse of 30 and 60 days, blood was sampled from veins under wings of the grown GO transgenic chimera quails 
30 (individual identification number #3303, #3306, #33 1 0, #331 1 , and #331 3) to obtain blood samples. The obtained blood 
was centrifuged at 15,000rpm for 10 minutes, and the amount of scFv-Fc antibodies was determined from serum 
obtained as supernatant. 

[0120] Eggs were collected from female transgenic quails which started egg laying (individual identification number 
#331 0) after 1 .5 months from the hatch, and the amount of scFv-Fc antibody in albumen and egg yolk prepared ac- 

35 cording to Example 7 was quantitated by ELISA method according to Example 8. 

[0121] The standard calibration curve was constructed using a purified scFv-Fc. Vector construct pMSCV/scFv-Fc 
produced in Example 12 was introduced into GP293 cell by the lipofection method, and the culture supernatant was 
centrifuged at 3000 rpm and 4°C for 1 0 minutes to remove solid matters. While cooling, this supernatant was stirred 
and gradually added with finely crushed ammonium sulfate so as to be 50% saturation (313 g ammonium sulfate/1000 

40 ml water) to precipitate protein. The mixture was allowed to stand at 4°C overnight, and centrifuged at 15,000 rpm and 
4°C for 1 0 minutes to completely precipitate the protein. The precipitated protein was then dissolved in a small amount 
of PBS, and dialyzed by 2 L of PBS three times to remove ammonium sulfate. 

[0122] The initial washing of the protein G column for purification (product of Perseptive Biosystems, Inc.) was carried 
out using 10 mL of a binding buffer (NaHP0 4 -2H 2 0 1 .56 g/l, NaHP0 4 -12H 2 0 7.1 6 g/l), 10 ml of a wash buffer (acetic 
45 acid 20%, distilled water 80%), and 10 ml of the binding buffer (flow rate 2 ml/min.) in this order. The protein liquid 
dissolved in PBS was flowed at 1 ml/min. and an scFv-Fc was adsorbed on a column. By flowing 20 ml of the binding 
buffer at 1 .7 ml/min., unnecessary protein was removed, and an elution buffer (prepared with glycine 7.507 g/l and 2N 
HCI to pH of 2.5 to 3.0) at 1 .5 ml/min. to elute the scFv-Fc. 

[0123] The eluted fraction was dialyzed with PBS (2L) three times to obtain a purified scFv-Fc, and the protein con- 

50 centration was quantitated from the adsorption at a wavelength of 280 nm. 

[0124] The amount of the scFv-Fc in blood serum sampled after 30 and 60 days of the GO transgenic chimera quails 
produced in Example 14 was shown in Fig. 14. The GO transgenic chimera quail introduced an scFv-Fc antibody 
expression gene expressed about 2 mg/ml to 4 mg/ml of antibody in serum at 30th day, and three of five birds also 
showed the same extent of expression amount. 

55 [0125] From the day that the GO transgenic chimera quail (#331 0) started egg laying, the amount of scFv-Fc in egg 
yolk and albumen was shown in Fig. 1 5. The antibody was expressed in about 500 jig/ml to 1 mg/ml in albumen and 
egg yolk. Even there was a slight variation from the start of egg laying to the 17th day, a stable expression amount 
was maintained. 
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(Example 15) Confirmation of the scFv-Fc structure 

[0126] From 1 ml of GO transgenic chimera quail serum produced in Example 13, an scFv-Fc was purified from 
ammonium sulfate precipitate and the protein G column according to Example 10. The purified scFv-Fc was analyzed 

5 by SDS-PAGE, and the result was shown in Fig. 16. From the untreated lane, the scFv-Fc molecular weight of about 
120 kDa was shown. Since the molecular weight of the scFv-Fc subjected to reduction treatment was about a half of 
the untreated ones (about 60 kDa), it was found that the scFv-Fc produced by a GO transgenic chimera quail forms a 
dimer by an S-S bond. These corresponded to the structural feature of the scFv-Fc having a cysteine residue involved 
with an S-S bond in Fc portion, thus it was suggested that scFv-Fc produced by a GO transgenic chimera quail retained 

10 the correct structure. 

(Example 16) Production of TNFR-Fc fusion protein expressing GO transgenic chimera chickens 

[0127] According to Example 9, TNFR-Fc expression vector construct was produced, and a retrovirus vector was 
15 produced according to Example 2. The titer of this retrovirus vector was 1 .7 x 1 0 7 cfu/ml. 

[0128] The obtained virus vector solution was microinjected to chicken fertile egg hearts after 55 hours from the start 
of incubation according to Example 4, and hatched according to Example 1 0 to produce GO transgenic chimera chick- 
ens. 

[0129] The solution was injected to eight fertile eggs, and four birds were hatched. TNFR-Fc in serum was quantitated 
20 according to Example 14, and TNFR-Fc of 50 jag/ml at the maximum was found to be expressed. 

INDUSTRIAL APPLICABILITY 

[0130] The GO transgenic chimera bird of the present invention can efficiently express a gene introduced using a 
25 replication-defective retrovirus vector without causing inactivation. Moreover, the production method of a GO transgenic 
chimera bird of the present invention makes it possible to introduce a gene of a chimera antibody, for example of an 
scFv-Fc antibody, and to produce birds capable of efficiently expressing the antibody in blood and eggs. Furthermore, 
the production method of an antibody of the present invention comprises producing a GO transgenic chimera bird 
producing a chimera antibody, for example an scFv-Fc antibody, recovering and purifying the antibody from serum and 
30 eggs of the bird, thus the efficient production of an antibody becomes possible. 
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SEQUENCE LISTING 

<110> Kaneka Corporation, 

Nagoya Industrial Science Research Institute (Chubu 
Technology Licensing Office) 

<120> Method of expressing gene in transgenic birds using 
retrovirus vector and transgenic birds thus obtained 

<130> T753/TRANS-1 

<150> JP P2002-236089 
<151> 2002-08-13 

<160> 37 

<210> 1 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer used for PCR 
amplification of the Miw promoter 5' region fragment 

<400> 1 

cggtctagag gaattcagtg gttcg 25 

<210> 2 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Designed sequence of a 3' -primer incorporating the BamH 
I recognition site at the 5' terminal used for PCR amplification 
of the Miw promoter 5' region fragment 

<400> 2 

ccaggatccg acgttgtaaa acgacg 26 

<210> 3 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5' -primer incorporating the Hind 
III recognition site at the 5 f terminal used for PCR 
amplification of the Miw promoter 3 f region fragment 

<400> 3 

ccaaagcttg ccgcagccat tgcctttt 28 

<210> 4 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 1 -primer incorporating the Bin 
I recognition site at the 5 f terminal used for PCR amplification 
of the Miw promoter 3' region fragment 

<400> 4 

atacctaggg gctggctgcg gaggaac 27 
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<210> 5 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5' -primer incorporating the Nhe 
I recognition site at the 5' terminal used for PCR amplification 
of the chicken (3-actin promoter fragment lacking the intron 

<400> 5 

tttagctagc tgcagctcag tgcatgcac 29 

<210> 6 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer incorporating the Xba 
I recognition site at the 5' terminal used for PCR amplification 
of the chicken (3-actin promoter fragment lacking the intron 

<400> 6 

ataatctaga aacgcagcga ctcccgc 27 

<210> 7 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Designed sequence of a 5 1 -primer incorporating the Xho 
I recognition site at the 5 f terminal used for PCR amplification 
of the coding fragment of the human antibody light chain k 
constant region 

<400> 7 

atcctcgaga ggccaaagta cagtg 25 

<210> 8 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 1 -primer incorporating the BamH 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the human antibody light chain k 
constant region 

<400> 8 

cccggatccc taacactctc ccctgttgaa get 33 

<210> 9 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5' -primer incorporating the Not 
I recognition site at the 5 1 terminal used for PCR amplification 
of the coding fragment of the human antibody light chain 
variable region 
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<400> 9 

agcggccgct acaggtgtcc actccgacat cgtgatgacc cagtctcc 48 

<210> 10 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer incorporating the Xho 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the human antibody light chain 
variable region 

<400> 10 

cctctcgagg atagaagtta ttcagcaggc acac 34 

<210> 11 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5* -primer incorporating the Xho 
I recognition site at the 5 T terminal used for PCR amplification 
of the coding fragment of the human antibody heavy chain \i 
constant region 

<400> 11 

acctcgagcg tggccgttgg ctgcctcgca ca 32 
<210> 12 
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<21L> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3' -primer incorporating the Hind 
III recognition site at the 5 1 terminal used for PCR 
amplification of the coding fragment of the human antibody heavy 
chain y constant region 

<400> 12 

actaagctta cgttgtacag ggtgggttta cc 32 

<210> 13 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer incorporating the Not 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the human antibody heavy chain 
variable region 

<400> 13 

agcggccgct acaggtgtcc actccgaggt gcagctggtg gagtctgg 48 

<210> 14 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Designed sequence of a 3' -primer incorporating the Xho 
I recognition site at the 5 ! terminal used for PCR amplification 
of the coding fragment of the human antibody heavy chain 
variable region 

<400> 14 

cacgctcgag gtatccgacg gggaattctc acagga 36 

<210> 15 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5' -primer incorporating the Hind 
III recognition site at the 5 ! terminal used for DNA polymerase 
reaction to construct the coding fragment of the human epidermal 
growth factor receptor transmembrane region 

<400> 15 

cccaagcttg atctccactg ggatggtggg ggccctcctc ttgctgctg 49 

<210> 16 
<211> 78 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3' -primer incorporating the BamH 
I recognition site at the 5' terminal used for DNA polymerase 
reaction to construct the coding fragment of the human epidermal 
growth factor receptor transmembrane region 
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<400> 16 

cccggatcct cagtcaaggc gccttcgcat gaagaggccg atccccaggg 
ccaccaccag 60 
cagcaagagg agggcccc 7 8 

<210> 17 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide used for site-directed 
mutagenesis to generate the Nar I recognition site at the 3 ! 
terminal of the coding fragment of the human antibody light 
chain variable region 

<400> 17 

tgaagacaga . tggcgccgcc acagttcgtt t 31 

<210> 18 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide used for site-directed 
mutagenesis to generate the BamH I recognition site at the 3 1 
terminal of the coding fragment of the human antibody heavy 
chain variable region 

<400> 18 

tggggcggat gcggatcctg aggagacggt 30 
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<210> 19 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer incorporating the Not 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the mouse antibody light chain 
variable region 

<400> 19 

cgcggccgcc tcagggaaag tttgaagatg 30 

<210> 20 
<211> 36 
<212> DNA - 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3' -primer incorporating the Nar 
I recognition site at the 5 1 terminal used for PCR amplification 
of the coding fragment of the mouse antibody light chain 
variable region 

<400> 20 

cggcgccgcc acagtccgtt ttatttccag cttggt 36 

<210> 21 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Designed sequence of a 5' -primer incorporating the Not 
I recognition site at the 5 1 terminal used for PCR amplification 
of the coding fragment of the mouse antibody heavy chain 
variable region 

<400> 21 

cgcggccgcg aacacggamc cctcaccatg 30 

<210> 22 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer incorporating the BamH 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the mouse antibody heavy chain 
variable region 

<400> 22 

cggatcctgc agagacagtg accagagt 2 8 

<210> 23 
<211> 18 
<212> DNA- 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer used for PCR 
amplification of the coding fragment of the human antibody heavy 
chain yl constant region 
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<400> 23 

caagcttcaa gggcccat 18 

<210> 24 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer used for PCR 
amplification of the coding fragment of the human antibody heavy 
chain yl constant region 

<400> 24 

atttacccgg agacaggga 19 

<210> 25 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer incorporating the BamH 
I recognition site at the 5 1 terminal used for PCR amplification 
of the coding fragment of the human antibody heavy chain yl 
constant region 

<400> 25 

ataggatccg ctagcttcaa gggcccatcg 30 
<210> 26 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer incorporating the Hind 
III recognition site at the 5' terminal used for PCR 
amplification of the coding fragment of the human antibody heavy 
chain yl constant or Fc region 

<400> 26 

agcaagcttt catttacccg gagacaggga 30 

<210> 27 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer incorporating the Sal 
I recognition site at the 5' terminal used for PCR amplification 
of the chicken p-actin promoter fragment lacking the intron 

<400> 27 

acgcgtcgac gtgcatgcac gctcattg 28 

<210> 28 • 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer incorporating the Sal 
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I recognition site at the 5' terminal used for PCR amplification 
of the chicken p-actin promoter fragment lacking the intron 

<400> 28 

acgcgtcgac aacgcagcga ctcccg 26 

<210> 29 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer incorporating the Sal 
I recognition site at the 5 1 terminal used for PCR amplification 
of the coding fragment of the antibody k light chain 

<400> 29 

aatgtcgaca tggtgtccac ttctcagctc 30 

<210> 30 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 1 -primer incorporating the Sal 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the antibody k light chain 

<400> 30 

ttcgtcgacc taacactctc ccctgttgaa 30 
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<210> 31 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 '-primer incorporating the Sal 
I recognition site at the 5' terminal used for PCR amplification 
of the IRES fragment 

<400> 31 

acgcgtcgac cgcccctctc cctccccc 28 

<210> 32 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3' -primer incorporating the Xho 
I recognition site at the 5' terminal used for PCR amplification 
of the IRES fragment 

<400> 32 

ccgctcgaga ttatcatcgt gtttttcaaa ggaaaaccac gtc 43 

<210> 33 ■ 
<211> 61 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide acting as a sense chain in 
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annealing to construct the coding fragment of the chicken 
lysozyme secretion signal 

<400> 33 

ctagaccatg aggtctttgc taatcttggt gctttgcttc ctgcccctgg 
ctgctctggg 60 
g 61 

<210> 34 
<211> 57 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide acting as an anti-sense chain 
in annealing to construct the coding fragment of the chicken 
lysozyme secretion signal 

<400> 34 

ccccagagca gccaggggca ggaagcaaag caccaagatt agcaaagacc 
tcatggt 57 

<210> 35 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5 1 -primer incorporating the Dra 
I recognition site at the 5 ! terminal used for PCR amplification 
of the scFv coding fragment 

<400> 35 
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gcgtttaaag tgacgttgga cgtccg 2 6 

<210> 36 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 3 '-primer incorporating the BamH 
I recognition site at the 5 ? terminal used for PCR amplification 
of the scFv coding fragment 

<400> 36 

attaggatcc gcgcttaagg acggtcagg 29 

<210> 37 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed sequence of a 5' -primer incorporating the BamH 
I recognition site at the 5' terminal used for PCR amplification 
of the coding fragment of the human antibody heavy chain yl Fc 
region 

<400> 37 ■ 

attaggatcc gagcccaaat cttgtgacaa aactc 35 
Claims 

1 . A GO transgenic chimera bird 

which is introduced an exogenous antibody gene with a replication-defective retrovirus vector, and 
produces an antibody derived from a transgene in at least one of blood, albumen, and egg yolk. 

2. The GO transgenic chimera bird according to Claim 1 , 

wherein a class of a constant region of the antibody is human IgG. 



34 



EP 1 548 114 A1 



3. The GO transgenic chimera bird according to Claim 1 , 

wherein a subclass of a constant region of the antibody is human lgG1 . 

4. The GO transgenic chimera bird according to Claim 1 , 

5 wherein the constant region of the antibody is quail IgG, chicken IgG, or mouse IgG. 

5. The GO transgenic chimera bird according to any one of Claims 1 to 4, 

wherein the antibody gene is controlled by a constitutive promoter. 

10 6. The GO transgenic chimera bird according to Claim 5, 

wherein the constitutive promoter is chicken p-actin promoter. 



7. The GO transgenic chimera bird according to any one of Claims 1 to 6, 

wherein the retrovirus vector is a vector derived from Moloney murine leukemia virus. 

15 

8. The GO transgenic chimera bird according to any one of Claims 1 to 7, 

wherein the retrovirus vector is a VSV-G pseudo type one. 



9. The GO transgenic chimera bird according to any one of Claims 1 to 8, 
20 wherein the bird is a chicken or quail. 

10. The GO transgenic chimera bird according to any one of Claims 1 to 9, 

wherein the antibody is a chimera antibody. 



25 11. The GO transgenic chimera bird according to Claim 10, 

which contains not less than 0.5 iig/ml of the antibody in blood. 



12. The GO transgenic chimera bird according to Claim 11 , 

which contains not less than 5 u,g/ml of the antibody in blood. 

30 

1 3. The GO transgenic chimera bird according to Claim 1 0, 

which contains not less than 0.1 ,ug/ml of the antibody in albumen. 



14. The GO transgenic chimera bird according to Claim 13, 

35 which contains not less than 1 jag/ml of the antibody in albumen. 

1 5. The GO transgenic chimera bird according to Claim 1 0, 

which contains not less than 0.1 iag/ml of the antibody in egg yolk. 

40 16. The GO transgenic chimera bird according to Claim 15, 

which contains not less than 1 jag/ml of the antibody in egg yolk. 



17. The GO transgenic chimera bird according to any one of Claims 1 to 9, 

wherein the antibody is an scFv-Fc antibody. 

45 

18. The GO transgenic chimera bird according to Claim 17, 

which contains not less than 20 jag/ml of the antibody in blood. 



1 9. The GO transgenic chimera bird according to Claim 1 8, 

50 which contains not less than 2000 u.g/ml of the antibody in blood. 

20. The GO transgenic chimera bird according to Claim 1 7, 

which contains not less than 5 jag/ml of the antibody in albumen. 

55 21 . The GO transgenic chimera bird according to Claim 20, 

which contains not less than 500 jig/ml of the antibody in albumen. 

22. The GO transgenic chimera bird according to Claim 17, 
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which contains not less than 5 (.ig/ml of the antibody in egg yolk. 

23. The GO transgenic chimera bird according to Claim 22, 

which contains not less than 500 jig/ml of the antibody in egg yolk. 

5 

24. A production method of an antibody 

which comprises producing the GO transgenic chimera bird according to any one of Claims 1 to 23, and 
recovering the antibody from blood and/or an egg of said GO transgenic chimera bird. 

10 25. A production method of a GO transgenic chimera bird 

which comprises incubating a bird fertile egg, infecting an early embryo after and exclusive of a blastodermal 
period immediately after the spawning with a replication-defective retrovirus vector, and then hatching the embryo. 

26. The production method of a GO transgenic chimera bird according to Claim 25, 

15 which comprises incubating a bird fertile egg, infecting an early embryo after the lapse of 24 hours or more 

from the start of the incubation with a replication-defective retrovirus vector, and then hatching the embryo. 

27. The production method of a GO transgenic chimera bird according to Claim 25 or 26, 

which comprises incubating a bird fertile egg, and microinjecting a replication-defective retrovirus vector to 
20 a heart or blood vessel formed in the early embryo. 

28. The production method of a GO transgenic chimera bird according to Claim 25 or 26, 

which comprises incubating a bird fertile egg, and microinjecting a replication-defective retrovirus vector to 
a heart or blood vessel formed in the early embryo formed after the lapse of 24 hours or more from the start of the 
25 incubation. 

29. The production method of a GO transgenic chimera bird according to any one of Claims 25 to 28, 

which comprises microinjecting a replication-defective retrovirus vector having the titer of not less than 1 x 

10 7 cfu/ml. 

30 

30. The production method of a GO transgenic chimera bird according to Claim 29, 

which comprises microinjecting a replication-defective retrovirus vector having the titer of not less than 1 x 

10 8 cfu/ml. 

35 31. The production method of a GO transgenic chimera bird according to Claim 30, 

which comprises microinjecting a replication-defective retrovirus vector having the titer of not less than 1 x 

10 9 cfu/ml. 

32. The production method of a GO transgenic chimera bird according to any one of Claims 25 to 31 , 
40 wherein the retrovirus vector is a vector derived from Moloney murine leukemia virus. 

33. The production method of a GO transgenic chimera bird according to any one of Claims 25 to 32, 

wherein the retrovirus vector is a VSV-G pseudo type one. 

45 34. The production method of a GO transgenic chimera bird according to any one of Claims 25 to 33, 
wherein the bird is a chicken or quail. 

35. The production method of a GO transgenic chimera bird according to any one of Claims 25 to 34, 

wherein a gene sequence not derived from a retrovirus is contained in a transgene incorporated into a rep- 
50 lication-defective retrovirus vector. 

36. The production method of a GO transgenic chimera bird according to Claim 35, 

wherein the gene sequence not derived from a retrovirus is a gene sequence controlled by chicken p-actin 
promoter. 



55 



37. The production method of a GO transgenic chimera bird according to Claim 35 or 36, 

wherein the gene sequence not derived from a retrovirus is a gene sequence coding for an antibody gene. 
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38. The production method of a GO transgenic chimera bird according to Claim 37, 

wherein the antibody gene is a chimera antibody gene. 

39. The production method of a GO transgenic chimera bird according to Claim 37, 
5 wherein the antibody gene is an scFv-Fc antibody gene. 

40. The production method of a GO transgenic chimera bird according to Claim 35 or 36, 

wherein the gene sequence not derived from a retrovirus is a gene sequence coding for a fusion protein gene. 

10 41 . A GO transgenic chimera bird 

which is produced by the method according to any one of Claims 25 to 40. 
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Fig. 1 
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Fig . 3 
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Fig. 6 
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Fig . 8 
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Fig. 11 
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Fig. 12 

(A) 



(B) 
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Fig. 14 
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Fig. 15 
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